Anesthetic practice utilization and related characteristics of total knee arthroplasties (TKAs) are understudied.
Article
Total knee arthroplasty (TKA) is highly effective in reducing pain and improving mobility in patients suffering from end-stage osteoarthritis. 1 The increase of TKAs in the United States over the past 15 years has alarmed physicians, public health experts, and the general public. 2, 3 The number of annual TKAs doubled from 1999 to 2009 with more than 700 000 TKAs performed in 2009. 4 This surge has garnered attention toward developing criteria for surgical appropriateness, 5, 6 evaluating economic consequences, [7] [8] [9] and looking for plausible causes for the increase. 10 Researchers have examined implications of surgical decisions with perioperative outcomes. 11, 12 Anesthesiologists play a critical role in TKA surgeries, with choice of anesthetic technique playing a significant role in favorable surgical outcomes. 13 Recent literature has examined the relative benefit of regional anesthesia (RA) or neuraxial anesthesia (NA) in place of general anesthesia (GA) for TKAs. 14, 15 However, despite recent work, little is known about current anesthesia practicerelated factors across the country. Variability of anesthesia practice patterns in the United States may not necessarily be arbitrary.
Because of the lack of literature describing the differences in anesthetic technique and the root causes for this variability, the primary objective of this article is to determine which patient, provider, and facility demographics influenced the anesthetic technique chosen. To achieve this goal, the research team used the Participant User File, a de-identified aggregation of all cases in the National Anesthesia Clinical Outcomes Registry (NACOR) of the Anesthesia Quality Institute (AQI). This is the largest national anesthesia database available. This study did not assess differences in outcomes based on anesthesia technique used because this has been done previously. 14, 15 The research team hypothesized that there is extensive variability in choice of anesthetic technique affected by various factors, including patient age and health status, board certification status of the attending anesthesiologist, resident or certified registered nurse anesthetist (CRNA) involvement, and facility type.
Methods

Data Source
Data were collected by AQI from January 2010 to June 2013 and consisted of 10 065 800 records amassed through the NACOR from more than 100 heterogeneous sources. 16 The data were accessed on June 24, 2013. NACOR is a voluntary data submission registry with the goal of facilitating the evaluation of quality in anesthesia care both locally and nationally. 17 The registry is available to anesthesia providers in the United States and represents an opportunity to survey data from all provider types, from private practices to large-scale hospitals. 18 The spectrum advantageously provides a glimpse into many sections of anesthetic care. The AQI database is deidentified and contains patient demographic, billing, procedural, diagnostic, and provider information. This project was approved by the institutional review board of Weill Cornell Medical College.
Study Sample
TKAs between the years of 2010 and 2013 were identified in this study by determining billing data containing either (1) a Clinical Classifications Software label of "arthroplasty knee" or (2) a Clinical Classifications Software label and a current procedural terminology code of 27440, 27441, 27442, 27443, 27445, 27446, or 27447. Records excluded from this sample were those with knee revision current procedural terminology codes of either 27486 or 27487. The data were further restricted to exclude cases in which primary anesthesia type was missing; cases that included a technique other than GA, NA, or RA; or cases that were coded as receiving multiple anesthesia types (because of small numbers [n = 405]). Additionally, cases were excluded where age, length of anesthesia procedure, facility type, or facility location was missing.
Demographic, Provider, and Facility Variables
Patient, provider, and facility characteristics were compared by primary anesthesia type. As mentioned, the primary anesthesia types of interest included GA, NA, and RA. Although NA is a type of RA localized to the spinal column, the AQI database has the ability to make the distinction between NA and RA; therefore, these groups were analyzed separately. Patient demographics included age, sex, and American Society of Anesthesiology (ASA) physical status. Information pertaining to the procedure itself is described in terms of the year and quarter in which the case occurred and the length of time for the anesthesia procedure. Anesthesia provider information included whether residents or CRNAs were involved in the case and whether a board-certified provider was present. 
Statistical Analysis
SAS version 9.3 (SAS Institute Inc., Cary, NC) was used to perform all statistical analyses. P values <.05 were considered indicative of significance between groups. For continuous variables with skewed distributions, the median, interquartile range (Q1-Q3), and P values were presented. Pearson χ 2 tests were used to compare categorical variables, and 1-way analysis of variance tests were used to compare means for continuous variables when analyzing the 3 anesthesia types.
Multinomial logistic regression was fitted to determine if patient, provider, and facility characteristics (patient age, patient sex, ASA score, year, length of anesthesia procedure, whether residents were present, whether CRNAs were present, board certification of providers, facility type, and facility region) were associated with use of GA, NA, and RA. This model is a variant of the standard logistic regression and presents odds ratios for the relative odds of a predictor variable's association with each category (use of NA or RA) and the reference category (use of GA).
Sensitivity Analyses
A sensitivity analysis was conducted to quantify the impact that excluding the previously mentioned records had on the modeling of association between relevant covariates and anesthesia technique. To do this, the research team compared the odds ratios for variables of interest by constructing 3 multinomial regression models with anesthesia type as the dependent variable: (1) excluding no, creating a group for missing anesthesia type or multiple anesthesia type (MoMT), leading to a multinomial regression model with 4 dependent variables (RA, NA, GA, and MoMT); (2) excluding records where anesthesia type was missing or multiple types, but without excluding any records with absent data and recoding them as a string of "missing"; and (3) the restricted model with all previously described variables wherein records were excluded based on the presence of missing values for independent variables or the presence of missing or multiple types for anesthesia type.
Results
The complete AQI database query contained 10 065 800 records ( Figure 1 ). The research team identified 144 922 records (1.4%) in which a primary TKA was performed. For 17.1% (n = 24 711) of the records, anesthesia type was missing, and these records were excluded from further analysis. As regards the remaining 120 211 cases, 57.1% (n = 68 679) were conducted under GA, 31.8% (n = 38 278) were conducted under NA, and 10.1% (n = 12 118) were conducted under RA. Additionally, 0.9% (n = 1136) were coded to have received only monitored anesthesia care, sedation, local, or other. Because it seems clinically improbable that a TKA was performed with just the latter types of anesthetic, these entries are likely representative of coding errors and were excluded. Furthermore, of the cases for which primary anesthesia type was RA, NA, or GA (n = 119 075), those with missing values for patient age, case duration, facility type, or facility location also were excluded (n = 10 045). A total of 405 cases that received multiple anesthesia types were excluded because of small numbers. This resulted in a total study population of 108 625 records (GA, n = 62 865; NA, n = 33 964; RA, n = 11 796). Table 1 displays patient-related demographics. Patients who received GA were younger than those who received NA (P < .0001) or RA. The proportion of patients who received RA with an ASA classification ≥3 was higher than the proportion of patients who received NA or GA (RA, 44.9%; NA, 37.7%; GA, 37.5%; P < .0001). There was significant variation in intraoperative features between anesthesia types. Median length of anesthesia time was longest for patients who received GA and shortest for RA, as noted in Table 2 .
Provider statistics also are presented in Table 2 . When NA or RA were utilized, most frequently it was by a board-certified anesthesiologist (P < .0001). CRNA involvement was highest in situations where RA was used and lowest for NA (P < .0001). Resident Abbreviations: RA, regional anesthesia; NA, neuraxial anesthesia; GA, general anesthesia. Values are given as n (%) unless otherwise specified. Percentages may not total to 100 because of rounding.
involvement followed a different trend: involvement was highest when NA was administered and lowest with RA (P < .0001). Descriptive statistics of the providers' hospitals are given in Table 3 . More than 60% of the total TKAs were performed in MCHs, and more than 18% were performed in LCHs. Less frequently used facilities were SCHs and UHs, where 5% and less than 2% of the total procedures were performed, respectively. MCHs were the most common location for use of all anesthesia types, though cases where GA and NA were administered were more common than RA cases. For LCHs and SCHs, there was less use of GA and NA and more use of RA (P < .0001).
The number of TKAs performed was not distributed evenly across US regions (Table 3 ). More than 30% of all procedures were performed in both the south and midwest, whereas less than 20% of procedures were performed in both the northeast and the west (P<0.0001). Additionally, different regions tended to favor the use of different anesthesia techniques. In the south, a higher proportion of cases were performed with GA and RA than with NA.
In the midwest, there was an opposite trend, with a higher proportion of cases performed with NA and a minority of cases with RA. In the northeast, a higher proportion of cases were performed with RA than NA or GA. The west had a relatively equal distribution of cases between different anesthesia types ( Table 3 ).
Multinomial Logistic Regression
To identify whether certain variables of interest, such as age, ASA classification, and board certification status were associated with a specific type of anesthesia, the research team constructed a multinomial logistic regression model to compare anesthesia techniques used, controlling for confounding factors.
An association was identified between age and type of anesthesia used (Table 4 ). When comparing age group 65 to 74 years with age group 55 to 64 years, the odds for using NA relative to GA were elevated (P < .0001), as were the odds of using RA relative to GA (P < .0001). Using the same referent group, patients ≥75 years old had increased odds for using NA relative to GA or RA relative to GA (both P < .0001). For younger patients (those aged 45-54 years and ≤44 years), there was an increase in odds of GA being used relative to NA or RA (Table 4 ).
An association was noted between ASA classification and choice of anesthetic type ( Table 4 ). The relative odds of having an ASA classification of 2 and higher compared with an ASA of 1 were significantly higher for RA relative to GA (2: 6.50 [5.86, 7.20] , P < .0001; 3+: 5.27 [4.77, 5 .83], P < .0001). Patients with higher ASA classifications were also more likely to receive NA than GA, although the relative odds were lower than in the comparison between RA and GA.
When comparing board certification status by anesthetic technique, board-certified physicians were found to have an increased odds of utilizing NA (P < .0001) or RA (P < .0001) relative to GA ( 
Sensitivity Analysis
A sensitivity analysis was performed to validate that the exclusion of records missing key data did not modify or reverse outcomes and conclusions. The research team found that a separate multinomial regression model wherein no records were excluded from the TKA cohort produced similar results and identical conclusions (results not shown).
Discussion
This study found that TKAs were disproportionately performed under GA (with the highest proportion of cases performed in MCHs) followed by NA and RA. It also found that GA use has decreased annually since 2010, whereas utilization of NA and RA has increased steadily. This finding is highly relevant in the context of the ongoing discussion regarding how perioperative outcomes from TKAs may be influenced by anesthesia technique. Although some recent publications have suggested that the outcomes of cases using GA are improved or equivalent to those using NA and RA, 19 a number of articles 14, 20, 21 demonstrated that TKAs performed under GA tend to have higher rates of complications than those performed under NA and RA. A missing link in the lengthy discussions of anesthesia technique is the prevalence of the practice patterns under investigation; this study attempts to provide this information. As more literature accumulates favoring RA and NA over GA for TKAs, it is remarkable that RA is utilized in such a small proportion of TKA cases. Furthermore, few of the studies supporting or discouraging GA for TKAs control for patient-related variables, such as age, ASA physical status, or physician-related characteristics such as board certification status, which may contribute to the relative benefits of an anesthesia technique. This study utilized these patient-, provider-, and facility-related variables and provides an essential foundation for future investigations of perioperative outcomes based on choice of anesthesia technique. As a result of using a large, nationally representative database, the research team was able to identify several features that tend to characterize those cases in which NA or RA are more likely to be utilized instead of GA. After using multinomial logistic regression to control for contributing variables such as sex, year, length of anesthesia, resident or CRNA involvement, facility type, and region, the research team found that TKA cases utilizing RA or NA were associated with a patient population that is older and classified with higher ASA scores than those receiving GA. Second, NA and RA were more likely to have a board-certified provider present.
Past studies have evaluated differences in practice patterns between board-certified and non-board-certified providers 22 and considered specialized anesthetic care of the elderly, 23 but no study has applied these characteristics to the growing number of TKA procedures. The research team has demonstrated that vast differences exist in anesthesia use with regard to both the providers involved and the patients being treated. However, additional analyses are needed to assess provider-related differences.
Additionally, this study demonstrated the utility of the AQI database in providing patient demographics and provider practice patterns. With several large databases of clinical information currently available, the possibilities associated with large observational cohort studies have never been more promising. Still, each database has its own advantages and limitations. 24 Commercial databases such as Premier and the National Inpatient Sample represent valuable resources for large amounts of patient data for a number of relevant variables. Information stored in these databases is uniform, but these databases are expensive to acquire and tend to contain little information pertaining to provider characteristics and practice patterns of anesthesia providers.
The AQI database consists of information surveyed from participating anesthesia practices across the United States and has limited inclusion criteria with a strong focus on clinical care. The data reflect medicine practiced in facilities that range from large and small hospitals to private practices and from facilities that store medical records electronically to those that do not. Thus, the massive cross-sectional perspective provided by the AQI database gives researchers national data regarding current anesthesia practices.
Limitations
The first principal limitation of this study arises from the nature of the AQI database. Although AQI provides a valuable data resource, it also has several drawbacks. Data are collected from numerous facility types, and different facilities tend to enter data into the registry in different formats, with different levels of detail, and with different numbers of entries. The lack of uniformity in the data leads to an increased number of missing data. In this study, the issue of missing data was addressed by conducting a sensitivity analysis, which revealed similar results with an identical conclusion. However, the unfortunate heterogeneity in procedures for data entry is particularly relevant for outcomes variables. Although NACOR currently accepts entry of outcomes variables, because of the different entry patterns of facilities, robust analysis of intraoperative or postoperative outcomes is not yet possible.
Second, this study has certain limitations inherent to any retrospective, observational study. The data utilized for this study may have data entry errors or miscoding, potentially leading to the misclassification of some records. However, this classification is most likely nondifferential and would lead to a dilution of the effects noted. Furthermore, this study does not address the outcomes of the cases under investigation. Finally, no causal relationships can be established from our data. Therefore, the research team cannot ascertain why a specific anesthetic was chosen and by whom.
Lack of outcomes-based analysis effectively dictates that the descriptive statistics of this study are a ceiling for the inferences that the AQI database permits; descriptive studies encourage hypotheses for evidence-based medicine but do not produce hypotheses independently.
Conclusion
In conclusion, this study is among the first to systematically analyze the patient and provider demographic variables associated with different anesthesia techniques in TKA. The research team was able to identify several significant factors that are associated with the utilization of GA, NA, or RA, including the increased trend in the use of RA since 2010 and the increased odds of RA and NA use among older patients and among patients with higher ASA scores compared with GA. Furthermore, NA and RA had increased odds of the presence of a board-certified physician relative to GA. When taken together with the results of recent perioperative outcomes research on TKA anesthesia choice, the need for additional investigation in this area seems clear. These data should provide a strong foundation for research in clinically relevant, evidence-based medicine and should spark attempts to expand and improve anesthesia-specific data collection constructs, such as the AQI, to allow more detailed analyses.
